Specify And 
Use A 
DITOA ee 





Modern EW systems require digitally 
tuned oscillators (DTOs) for use as local 
oscillators in receivers and in trans- 
mitters for jamming. Using PROM 
correction circuits, DTOs are now cap- 
able of excellent frequency accuracies. 
In addition, buffer amplifiers following 
the oscillator are capable of providing 
power levels in excess of 100 mW 
(+20 dBm), while reducing frequency 
pulling to typically less than 1 MHz. 
Also, voltage regulators internal to the 
DTO reduce pushing effects under 
1 MH7z/V. 


However, DTOs exhibit several subtle 
characteristics that may affect system 
performance, including such factors as 
the set-on accuracy of a receiver, 
receiver sensitivity, and the power 
spectral density of a jammer. This 
article analyzes these factors and 
explains how and why DTOs affect 
such performance parameters. 


Receiver Applications 


ECM receiver systems are often con- 
figured using a double conversion 
technique, as shown in Figure 1. A 
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signal from 2 to 18 GHz is initially 
downconverted to a common 2-to-6 GHz 
band, and then a DTO is used to tune 
across the 2-to-6 GHz band. 


The set-on accuracy of this system is 
affected by inaccuracies from the first 
L.O., which are relatively small, and 
the DTO. For the DTO, the frequency 
accuracy is certainly the most signi- 
ficant factor affecting set-on accuracy. 
Using digital calibration techniques, 
the frequency accuracy (nonlinearity 
and drift over temperature) can be 
virtually eliminated; however, the 
effects of post-tuning drift and repeat- 
ability must still be considered. 


Post-tuning drift (PTD) for a DTO is 
defined as the shift in oscillator 
frequency output, as a function of time, 
after a change in digital input word, as 
shown in Figure 2, for a 2.6-to-5.2 GHz 
unit. The effect that causes this vari- 
ation in frequency out to a few milli- 
seconds after a step change in fre 
quency is related to the temperature 
variation of the active devices in the 
oscillator, especially the varactor, and 
similar effects in the driver circuit. As 


TO IF 











SYSTEM 
CONTROLLER 






Figure 1. ECM receiver system. 
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Figure 2. Post tuning drift of a 2.6 to 5.2 GHz DTO. 


the oscillator is tuned across the band, 
its active devices change their oper- 
ating points due to variations in rf 
loading; and, as the temperature 
changes, the impedance changes, caus- 
ing shifts in frequency. The rate of 
change of the frequency is associated 
with the thermal impedances of the 
active devices in the circuit. The 
thermal resistance directly affects the 
magnitude of the drift, and the thermal 
capacity affects the rate of change of 
the impedance and, therefore, the rate 
of frequency change. 


Therefore, lowering the thermal impe- 
dances of critical active devices and 
operating them at bias points at which 
the junction temperatures remain more 
constant will reduce the PTD. Also, by 
using lower-power small-signal devices, 
such as bipolar junction transistors 
(compared to Gunn diodes), or by use of 
silicon transistors (compared to GaAs 
FETs), the PTD can be reduced. A 
comparison of typical PTD perfor- 


mance for various types of oscillators is 
shown in Figure 3. 


The thermal effects usually end in a 
few milliseconds; however, DTOs 
exhibit other longer-term post-tuning- 
drift mechanisms. These are primarily 
associated with an effect called 
“varactor charging,” in which ions on 
the surface of the varactor migrate 
across the junction over a period of time 
in the presence of an electric field that is 
caused by the reverse bias on the 
varactor. To reduce varactor charging, 
a special passivation has been 
developed that forms molecules with 
these ions so they will not migrate. A 
comparison of the PTD of a DTO with 
and without passivated varactors is 
shown in Figure 4. 


The repeatability of a DTO defines how 
well the DTO will return to the same 
frequency while being switched to that 
frequency from many different fre- 
quencies, as shown in Figure 5, and 
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Figure 3. Post tuning drift comparison for various types of oscillator active devices. 


includes the effects of post-tuning drift. 
It is also dependent on how long the 
DTO rests at either the desired fre 
quency or the other frequencies. 


The short-term repeatability (<10 milli- 
seconds) of a DTO can be improved, as 
is the case for PTD, by reducing the 
thermal impedances and operating 
critical active devices like the oscillator 






100 ms 1 sec 10 sec 





POST TUNING DRIFT, MHz 


100 sec 


transistors and varactors at constant 
junction temperatures. Long-term 
repeatability (>10 milliseconds) can be 
improved by using the previously 
mentioned specially passivated 
varactors. 
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Figure 4. Comparison of PTD with passivated and non-passivated varactors. 
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Figure 5. Repeatability. 


lowest-level signal that can be received. 
Certainly, harmonic and spurious 
signals from the first L.O. and DTO 
will affect this. However, filtering can 
normally be used to achieve acceptable 
results. On the other hand, if the 
residual fm of the oscillators is too high, 
it may fill up the receiver IF so signals 
cannot be detected. The first L.O. 
residual fm can be made relatively low 
by using low-noise or phase-locked 
oscillators. DTOs, however, exhibit 
greater residual fm, especially when 
subjected to vibration and bias, and 
digital line noise. 

The residual fm of a DTO is defined as 
the peak-to-peak deviation of the output 
signal as observed on a spectrum 
analyzer with a 1-kHz IF bandwidth at 


-3 dBc. Typically, the residual fm of a 
DTO using bipolar transistors in the 
oscillator is less than 100 kHz. This 
comes from the residual fm of the 
oscillator itself and the noise from the 
digital driver that frequency-modulates 
the oscillator. Gunn diode and FET 
oscillator DTOs exhibit much worse 
residual fm, typically 200 to 500 kHz. 


Receiver systems normally have a 
considerable amount of residual fm on 
the digital and bias lines. It is not 
uncommon to have 100 mV of noise 
from power supplies and digital clocks 
on these lines during normal system 
operation. This noise causes frequency 
modulation of the DTO. The normal 
100 kHz of residual fm may be degraded 
to several MHz in the system. 
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Figure 6. Buffers on digital input. 


To reduce the effect of digital-line noise, 
buffers, latches, or other circuits that 
attenuate the digital-line noise are 
added to the digital input, as shown in 
Figure 6. These circuits can affect the 
tuning speed, so they must be selected 
with that in mind. 


Bias-line noise also affects the residual 
fm of the DTO. To reduce this, LC filters 
may be added, as shown in Figure 7; 
but, in some cases, itis necessary to add 
a secondary regulator on the bias input 
to attenuate low-frequency noise. This 
has the disadvantage of reducing the 
voltage available for circuit operation, 
so the secondary output is used only on 
the most sensitive bias points. Using 
digital-line buffering and bias-line fil- 
tering, fm levels under 100 kHz can be 
achieved. 


Residual fm in a system during vibra- 
tion causes parts inside the unit to 
move. In the oscillator, this causes 
movement of bond wires and other 


parts, which results in an increase in 
the residual fm of the DTO. Careful 
design of the unit can minimize this 
effect. For example, the residual fm of a 
2.6-to-5.2 GHz DTO exhibits an increase 
in fm from 100 kHz to 200 kHz, when 
subjected to 10 g’s peak sine vibration 
from 10-to-2000 Hz. 


TYPICAL DTO FOR A RECEIVER 
APPLICATION 


The block diagram of a DTO used ina 
receiver system is shown in Figure 8. 
The input to the DTO is driven by a 
12-bit digital word to select the desired 
frequency. Internal to the DTO, a 
PROM is used to modify the digital 
address so it exactly matches the oscil- 
lator tuning characteristic. Using this 
technique, frequency accuracies of 
+5 MHz can be attained at room 
temperature, and +10 MHz can be 
attained over the -54° to +85° centi- 
grade range. A picture of one of these 
oscillators covering the 2.6 to 5.2 GHz 
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Figure 7. Bias input filter/regulator circuitry. 
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Figure 8. DTO used in a receiver system local oscillator. 


frequency range is shown in Figure 9, 
and the performance characteristics of 
this unit are summarized in Table I. 


Jammer Applications 


The digitally tuned oscillator used in a 
transmitter application is often con- 
figured with a modulation port, as 


shown in Figure 10. In the system, the 
digital lines are used to set the oscillator 
on the desired frequency, while the 
modulation port is used to modulate the 
oscillator for jamming purposes. As 
such, the bandwidth of the modulation 
port needs to be as wide as possible. 
Typical bandwidths today are in excess 
of 20 MHz. A picture of one of these 





Figure 9. WJ-2854-22 2.6 to 5.2 GHz DTO. 


RF Characteristics! 2 Guaranteed 













Frequency Range ...03.2..... a ee oo 2010 02 Giz 
Power Output, Minimum (J1 and J2 Ports)... ............ +12 dBm 
Power Output Variation, Maximum (J1 and J2 Ports)........5dB 
Frequency Drift Over Temperatures, Maximum ....... «. 0.20 MiG 
Spurious Output Suppression 

Harmonic (ni), MINIMUM 3. cic ee -15 dB 

In-band, Non-harmonic, Minimum. ......-.ssss-0-- . --/0d0B 
Fusning Factor, Maximum... <......... ee Oe ieee LO MEIZ/V 
Pulling Figure (3:1 VSWR), Maximum ......... eieroe © sat oul UO MAINZ 


Isolation Between 2 RF Output Ports (J1 and J2), Minimum... . 





Tuning Resolution... .......5054..4. eee ee 12-bit TTL Compatible 
Digital Tuning Range= ............ A «2. »0t0 4095 
Non-linearitys, Maximum <7... sia es c7s 6 occ a ces oe sess +18 MHz 
Post Tuning Drift (2.5 usec to 50 usec), Maximum..........1.8 MHz 
Post Tuning Drift, 100 msec to 2 minutes ........:3......10 Miz 



















Post Tuning Drift, 30 usec to 100 msec. ...5....... eos 1.0 MElZ 

input Capacitance, Maximum ... <5 2.00.65 5s eco ees 150 pF 

LSB, Maximum .°... ... ews Cees wees ee ees. te OO MZ 

Input Power Requirements 

Oscillator Bias. ...... es cbse eee Ke ee ce eee eee «+15 Volts @ 400 mA, Maximum 
-15 Volts @ 350 mA, Maximum 
+5 Volts @ 300 mA, Maximum 

preater Vollage’ so es cee et a 28 Volts 

Heater Current at Turm-on. «33... 6s se ee we; 4.0 Amps, Maximum 


Heater Current, Steady-state at -54°C ...... wesc ee 4.0 Amps, Maximum 









Operating Temperature? 2.0... vice cece ec eee -54°C to 85°C 
Storage Temperature ........ 006. .0.....6..5....22 62 ClO 90 © 






















Package Dimensions Excluding Connectors and Mounting 


Flanges (LXWXH).. 6... es eet ie 6 ee pcs 6 aes ek 2.12 x 2.28 x 1.73 inches 
Weight, Maximum 3.5. ska ee . 9.0 ounces 
RF Output Connector (both ports) 2s. 2 SMA Jack 
Tuning Input Connector ........0e0000¢000060¢08 0. «Multi-pin connector (RFI Protected) 
Bias and Heater Connections’... 2... 3. ec ee . - . « » Multi-pin connector (RFI Protected) 


coeoeeeeeee eee ee 





Notes: 

1. The WJ-2854-22 is an rf oscillator employing varactors, bipolar transistors and field-effect transistors as the active 
elements. It also contains the following interface elements: isolation amplifier (active isolator), voltage regulator, 
proportionally controlled internal heater, D/A converter, PROM, and linearizer. 

2. Unless otherwise noted, performance is specified for operation into a nominal matched load (VSWR S1.2:1) at 
laboratory ambient temperature. 

3. Temperature is measured on the oscillator mounting surface. 

4. The tuning non-linearity is the maximum deviation from linear tuning between the specified tuning word extremes 
and includes the effect of frequency drift over the operating temperature range. 

5. The digital tuning range specifies the maximum range required to tune from minimum to maximum frequency. 

6. Protective circuitry guards against damage due to overvoltage (up to 10 percent) and transient reverse voltages. 

7. The heater is a self-regulating, proportionally controlled unit, isolated from bias and signal grounds. 


Table |. WJ-2854-22 digitally tuned oscillator. 
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Figure 10. DTO for a jammer application. 


oscillators covering the 6-to-12 GHz 
frequency range is shown in Figure 11, 
and the performance characteristics 
are summarized in Table II. 


The primary purpose of a jammer is to 
put out the maximum amount of 
radiated energy over the desired 
frequency range. In other words, the 
power-spectral density must be 
maximized. 


Several key specifications for the DTO 
affect system performance, especially 


as they relate to power spectral density, 
including frequency accuracy, 
modulation-sensitivity variation, and 
modulation bandwidth. 


FREQUENCY ACCURACY 


Frequency accuracy for a DTO is 
defined as the maximum deviation 
from the ideal frequency at a given 
digital input, including the effects of 
frequency change over temperature. 
The better the frequency accuracy of 





Figure 11. WJ-2855-37 6 to 12 GHz DTO. 
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Frequency Range; .....2..... sees Cub eee. 6.0 to 12.0 GHz 
Power Output, Minimum (J1 Port) .............7.... ..7790BMm 
Power Output Variation, Maximum (J1 Port) ..... wie eee 6 56 4.5 dB 
Power Output Variation, Maximum (J2 Port) ........ceee0- -20 to -10 dBm 
Frequency Drift Over Temperatures, Maximum ..........- 40 MHz 
Spurious Output Suppression 
Marmonic (ni); Minimum) 5... 6.6 eee 23 dB 
Harmonic (nij/2)% MINIMUM... =... ec 23 dB 
in-band, Non-harmonic, Minimum ....55......0.6..-. 50 dB 
Pushing Factor, Maximum ..3.02.....6........-... 0.25 MHz/V 
Pulling Figure (2.0:1 VSWR), Maximum ................ 2 MHz 


Pulling Figure (Infinite VSWR), Maximum............... 






Toning Resouuion....2...3.7.......4..,....7...... 


Digital Tuning Range® ..2........50......02..... 545 to 7946 
Modulation Sensitivity Range, Maximum ........-e.eee0-% 100 MHz/V 
Modulation Sensitivity Range, Minimum .............6. 60 MHz/V 
Non-linearity®, Maximum ..................:...... +10 MHz 
Post Tuning Drift (1.7 usec to 1.0 msec), Maximum ......... 5.0 MHz 


Post Tuning Drift, 1.0 msec to 1 minute, Maximum .........3.0 MHz 
Modulation Bandwidth (400 MHz deviation)’, Minimum ......8MHz 









Nominal Step Size. 2... 2... .. <6 eee cee ce we. | MHZ 00% 
Input Power Requirements 
Oscillator Bias"... . se ee +15 Volts @ 500 mA, Maximum 


-15 Volts @ 400 mA, Maximum 
+5.2 Volts @ 600 mA, Maximum 
-5.2 Volts @ 100 mA, Maximum 

















Heater Vollage® i... ie ee . 115 Volts AC 

Heater Current at 1umn-O1 6 ca os cs ee 1.5 Amps, Maximum 
Heater Current, Steady-state at-54°C 1... ..... 2c ecco 1.5 Amps, Maximum 
Environmental Specifications 

Operating Temperature? -54°C to 85°C 


Storage Temperature -54°C to 125°C 


Mechanical Specifications 


Package Dimensions Excluding Connectors and Mounting 


Planges (LXWXA) 3.6. oc. wees ss oe cle es cs ee ee 4.00 x 3.50 x 1.50 inches 
Weight; Maximum <2... ic ee: se eae. eu OUNCES 
AF Output Connector. ....30.....55... eee . . . «SMA Jack 
dening Input Connector . 2.0... oe ee. . . « Multi-pin connector (RFI Protected) 
Blas and Heater Connections... ©... ©. i... 3s ee Multi-pin connector (RFI Protected) 
VJ Outline Drawing Number... . 2s ee es 









Notes: 

1. The WJ-2855-37 is an rf oscillator employing varactors and bipolar transistors as the active elements. It also contains the 
following interface elements: isolation amplifier (active isolator), voltage regulator, proportionally controlled internal 
heater, D/A converter, PROM, and rf switch. 

2. Unless otherwise noted, performance is specified for operation into a nominal matched load (VSWR <1.2:1) at laboratory 
ambient temperature. 

3. Temperature is measured on the oscillator mounting surface. 

4. The output of the WJ-2855-37 is taken from the second harmonic of the oscillation frequency, creating harmonically 
related (nf,/2) spurious responses. 

5. The tuning non-linearity is the maximum deviation from linear tuning between the specified tuning voltage extremes and 
includes the effect of frequency drift over the operating temperature range. 

6. The tuning voltage range specifies the maximum voltage range required to tune from minimum to maximum frequency. 

7. Protective circuitry guards against damage due to overvoltage (up to 10 percent) and transient reverse voltages. 

8. The heater is a self-regulating, proportionally controlled unit, isolated from bias and signal grounds. 

9. With the VCO tuning port modulated sinusoidally by a 50-ohm source, the modulation bandwidth is defined as that 

modulation frequency at which the frequency deviation decreases to 0.707 of its low frequency value. 


Table Il. WJ-2855-37 digitally tuned oscillator. 
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the DTO, the higher power density that 
can be achieved, because it is not 
necessary to modulate the oscillator 
over as broad a frequency range to 
ensure that the signal to be jammed is 
covered. Using PROMs at the digital 
input to the DTO, accuracies of 
+10 MHz can be achieved over the -54° 
to +85° centigrade range. Other tech- 
niques may be used to achieve better 
accuracies, including the use of synthe- 
sizer techniques and calibration 
routines. 


MODULATION SENSITIVITY 


The power spectral density is also 
affected by the variation in modulation 
sensitivity at the modulation port, as 
measured in MHz/V. Given a constant 
amplitude modultion signal, if the 
modulation port is connected directly to 
the varactor, as shown in Figure 10, the 
deviation of the modulated signal and, 


therefore, the power density, will vary 


directly with the variation in modula- 
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tion sensitivity of the oscillator itself. 
This variation is shown in Figure 12. 
As the output frequency of the oscil- 
lator increases, the modulation sensi- 
tivity decreases. Therefore, for a con- 
stant modulation signal, the deviation 
decreases and the power spectral den- 
sity over the deviated spectrum 
increases. This effect is undesirable in 
transmitter applications and, there- 
fore, designs have been developed to 
correct it. 


The most straightforward technique is 
to place a linearizer circuit between the 
oscillator and modulation circuit, as 
shown in Figure 13. This reduces the 
variation in modulation sensitivity 
across the band, thereby making the 
power density and deviation more 
constant. Overall variations of less 
than +15% can be achieved using this 
technique. The disadvantage of the 
technique is that circuits having band- 
widths greater than 10 MHz are very 
difficult to achieve. 
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Figure 12. Modulation sensitivity and modulated spectrum characteristics of the modulation 


port of a DTO. 
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Figure 13. DTO for jammer application with linearizer to reduce variation in modulation 


sensitivity. 


To achieve higher modulation band- 
widths, another technique has been 
developed which uses a variable-gain 
amplifier, as shown in Figure 14. The 
gain of the amplifier is controlled by a 
PROM and D-to-A converter as the unit 
is tuned across the operating frequency 
range. Using this technique, the vari- 
ation in modulation sensitivity and, 
therefore, variation in power density 
and deviation are less than +5%. How- 
ever, this technique has one basic 
problem. The gain of the amplifier is set 
at one frequency, so when modulating 
the oscillator over frequencies for which 
the modulation sensitivity of the oscil- 
lator itself varies, the power density 
and deviation will vary. This is 
especially evident when the deviations 
become wide, e.g. 100 to 500 MHz. In 
addition, a fast change in the modula- 
tion sensitivity of the oscillator will 
show up in the modulated spectrum, as 
illustrated in Figure 15. By controlling 





O 
MODULATION 
INPUT 


the overall variation in modulation 
sensitivity of the oscillator and align- 
ing out any fine-grain variations, this 
technique has proven to be superior to 
the linearizer technique. 


One other effect to be considered is 
centroid shift. Due to the nonlinear 
characteristics of the modulation sensi- 
tivity, the center of the modulated 
spectrum shifts, compared to the loca- 
tion of the unmodulated carrier. The 
shift necessitates that the system be 
designed to have slightly larger devia- 
tion to cover all threat frequencies. This 
also results in lower power density 
than if the modulation sensitivity were 
constant, as illustrated in Figure 16. 
This shift can be minimized by aligning 
the rf oscillator with minimum modu- 
lation sensitivity variation. The effect 
can be virtually eliminated if deviation 
information can be input to the variable 
gain amp PROM. 
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Figure 14. DTO for jammer application with a digitally controlled variable-gain amplifier to 


reduce variation in modulation sensitivity. 
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Figure 15. Modulation characteristics of digitally corrected modulation port of a DTO. 


MODULATION BANDWIDTH 


The modulation bandwidth of a modu- 
lation port is defined as that modulation 
frequency at which the frequency 
deviation changes by +(x)dB from its 
low-frequency values. Typically, (x) is 
specified in the range of 1 to 3 dB. 


To achieve a certain power spectral 

FL Fa Fy density, it is necessary to modulate the 
FREQUENCY oscillator over a broader deviation at 

low modulation frequencies to ensure 
the frequencies to be jammed are 
covered at higher modulation fre- 
quencies if the bandwidth decreases. 
This means that the overall power 
spectral density will be lower than if 
the modulation bandwidth were flatter. 


The modulation bandwidth also varies 
as a function of the DTO operating 

|~<—CENTROID SHIFT frequency. This, too, affects the power 
Figure 16. Centroid shift. spectral density as the unit is tuned 
across the operation frequency range, 
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especially at higher modulating 
frequencies. 


Conclusion 


Digitally tuned oscillators provide EW 
systems with capabilities not pre- 
viously available. Frequency accu- 
racies comparable to YIG oscillators 
are now available with the tuning- 
speed advantages of a VCO. In addi- 
tion, DTOs are capable of being modu- 
lated at rates above 20 MHz, with 
variations in deviation less then +5% 
across the entire operating frequency 
range. Post-tuning drift and repeat- 
ability effects have been minimized to 
be in the range of 1 MHz. 


Overall system performance has been 
significantly improved through the use 
of modern DTO technology. Power 
spectral densities are now higher and 
more constant, and the set-on 
accuracies have been enhanced. 
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